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Title of the invention 

IMPROVEMENT IN EFFICIENCY OF GENE TRANSFER TO PLANT CELL 

Abstract: 

PROBLEM TO BE SOLVED: To improve the efficiency of gene transfer to a plant cell 
simply carried out through a bacterium of the genus Agrobacterium without damaging a 
tissue, to perform transformation and to better a breed by heat-treating a plant cell or a 
plant tissue. 

SOLUTION: A plant cell or a plant tissue derived from a plant selected from the group 
consisting of rice plant, maize, lawn grass and tobacco is heat- treated at 33-60°C, 
preferably 35-55°C, more preferably 37-52°C for 5 seconds to 24 hours, especially 
preferably at 37-52°C for 5 minutes to 24 hours to improve the efficiency of gene 
transfer to a plant cell carried out through a bacterium of the genus Agrobacterium. 
Preferably the plant cell or plant tissue is derived from an angiosperm, a monocotyledon 
or a gramineous plant. Preferably after the plant cell or plant tissue is heat-treated or 
centrifuged, a gene transfer treatment is performed. 

CLAIMS 



[Claim(s)] 

[Claim l] How to raise the effectiveness of the transgenics to the plant cell performed 
through the Agrobacterium bacteria accompanied by heat-treating a plant cell or a 
plant tissue. 

[Claim 2] The method according to claim 1 of performing transgenics processing, after 
heat-treating a plant cell or a plant tissue. 

[Claim 3] The approach according to claim 1 or 2 by which heat treatment is performed 

in the temperature requirement which is 33 degrees C - 60 degrees C. 

[Claim 4] The approach according to claim 3 by which heat treatment is performed in 



the temperature requirement which is 35 degrees C - 55 degrees C. 

[Claim 5] The approach according to claim 4 by which heat treatment is performed in 

the temperature requirement which is 37 degrees C - 52 degrees C. 

[Claim 6] An approach given in claim 1 to which heat treatment is performed in for [ 5 

seconds ] - 24 hours thru/or any 1 term of 5. 

[Claim 7] The method according to claim 1 or 2 of performing heat treatment under the 
temperature of 37 degrees C - 52 degrees C for 1 minute - for 24 hours. 
[Claim 8] An approach given in claim 1 whose plant cell or plant tissue to be used is the 
anthophyta origin thru/or any 1 term of 7. 

[Claim 9] The approach according to claim 8 the plant cell or plant tissue to be used is 
the monocotyledonous plant origin. 

[Claim 10] The approach according to claim 9 the plant cell or plant tissue to be used is 
the grass origin. 

[Claim 11] The approach according to claim 8 of being the vegetable origin chosen from 
the group to which the plant cell or plant tissue to be used changes from a rice, corn, 
lawn grass, and tobacco. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of raising the 

effectiveness of the transgenics to a plant cell. 

[0002] 

[Description of the Prior Art] That there is little culture variation since the 
transformation method by Agrobacterium can obtain a transformant by short culture 
which can be introduced without the copy number [ effectiveness is high and ] of the 
gene into which it is introduced making few specific fields called T-DNA fragment 
generally etc. has the description which was excellent in many. For this reason, it is 
widely used as a means of the most useful transformation by various vegetable 
specieses. 

[0003] Thus, although the Agrobacterium method is the vegetable transformation 
approach of having excelled very much, the actual condition is that the success or 
failure and effectiveness of a transformation differ from each other greatly depending 



1 



on a vegetable kind, genotype, and the plant tissue to be used (Potrykus et al.1998 
(bibliography (35))), That is, there is a vegetable kind which has not succeeded in a 
transformation, and also there are many vegetable kinds in which only some forms have 
a very possible transformation. Moreover, there is also a vegetable kind which the 
available organization is limited and cannot deal with a lot of ingredients. It is 
necessary to select the network which had the target characteristic after creating many 
transformation vegetation, in order to have created the practical form by gene 
recombination. However, the class of crops which can be based on this purpose and can 
obtain many transformants easily is limited to the part in the present condition. 
Therefore, development of the amelioration technique which can solve such a trouble is 
desired strongly. 

[0004] Although the transformation approach through Agrobacterium itself differs in 
the presentation of the culture medium used for the charge of a test specimen, or 
culture with a vegetable kind etc., it contacts the suspension of Agrobacterium in the 
organization which becomes an ingredient, selects a transformed cell after cocultivation, 
and is mostly common in actuation of creating transformation vegetation. Infection of 
Agrobacterium is performed, without usually performing processing special in addition 
to it to the plant tissue used as an ingredient, although sterilization processing is 
performed if needed (Rogers et al.1988 (bibliography (36)), Visser 1991 (bibliography 
(40)), McCormick 1991 (bibliography (31)), Lindsey et al.1991 (bibliography (30))). 
Therefore, as for amelioration of a transformation system, research has been done 
focusing on the class of the bacillus system of Agrobacterium, a vector configuration, a 
medium composition, a selection marker gene, or promotor, the class of sample offering 
organization, etc. 

[0005] On the other hand, most researches based on the view of changing the plant 
tissue before inoculating Agrobacterium into the physiological condition of being easy to 
produce transgenics are not done. The remarkable effectiveness which utility value is 
very high if convertible for such a physiological condition, and makes possible the 
transformation of the conventionally difficult vegetable kind or genotype by simple 
processing of some kind in addition to improvement in transgenics effectiveness is also 
expected. As an example of research about pretreatment to an old plant tissue, party 
Kurgan (Bidney et al., 1992 (bibliography (6))) and ultrasonic (Trick et al., 1997 
(bibliography (39))) processing are raised. Invasion to the vegetable in-house of bacteria 
is urged by both ****(ing) an organization physically, and it aims at making the plant 
cell used as the candidate for infection increase. However, it does not pass over this to 
that into which the leaf disk method (Horsch et al., 1985 (bibliography (19))) currently 



performed more widely than before was developed, and it is not an approach based on a 
new view. In addition, extent or versatility of effectiveness are not clear and the present 
condition is not used as general technique. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is 
offering the approach of raising the effectiveness of the transgenics to a plant cell 
transgenics's being performed simple, without ****(ing) an organization at effectiveness 
higher than the transgenics approach by the conventional Agrobacterium method. 
[0007] 

[Means for Solving the Problem] Invention-in-this-application persons completed 
header this invention for the ability of transgenics effectiveness to be raised 
intentionally wholeheartedly by heat-treating the plant cell or plant tissue with which 
transgenics is presented in the transgenics approach which used the Agrobacterium 
bacteria as a result of research. 

[0008] That is, the approach of raising the effectiveness of the transgenics to the plant 
cell performed through the Agrobacterium bacteria accompanied by this invention 
heat-treating a plant cell or a plant tissue is offered. 
[0009] 

[Embodiment of the Invention] By the approach of this invention, it is accompanied by 
heat-treating the plant cell or plant tissue which introduces a gene in the transgenics 
approach through the Agrobacterium bacteria. After heat-treating and cooling to 
ordinary temperature, a plant cell or a plant tissue may be the approach of making the 
Agrobacterium bacteria contacting, and may be the approach of making the 
Agrobacterium bacteria contacting, heat-treating. Moreover, after heat-treating and 
cooling to ordinary temperature, you may be the approach of making the Agrobacterium 
bacteria contacting, heat-treating. Among these approaches, as a desirable approach, 
after heat-treating and cooling to ordinary temperature, the approach of making the 
Agrobacterium bacteria contacting can be mentioned. 

[0010] although heat treatment conditions are suitably chosen according to the class of 
vegetation to be used, the cell to heat-treat or the amount of an organization, etc. - 
usually - 33 degrees C - 35 degrees C - 55 degrees C 60 degrees C are performed still 
more preferably preferably in a 37 degrees C - about 52 degrees C temperature 
requirement. Moreover, although the time amount of heat treatment is suitably chosen 
according to the class of heat treatment temperature and vegetation to be used and the 
cell to heat-treat, or the class of organization, it is usually for [ 5 seconds ] - about 24 
hours. In addition, when heat treatment temperature is high, even if heat treatment 



time amount is short, it can raise transgenics effectiveness intentionally. For example, 
when heat treatment temperature is 60 degrees C, transgenics effectiveness may be 
intentionally raised also by 5-second room [ about ] heat treatment time amount. On the 
other hand, when heat treatment temperature is the low temperature which is about 34 
degrees C, transgenics effectiveness can be intentionally raised by heat treatment of 
dozens of hours. At 37 degrees C - 52 degrees C, although especially desirable heat 
treatment conditions have many cases of for [ 1 minute ] * about 24 hours, they can set 
up easily the plant cell or the suitable heat treatment conditions for a plant tissue by 
routine experiment. In addition, if a plant cell or a plant tissue is heat-treated over a 
long time at the temperature of 55 degrees C or more, since a plant cell may receive a 
damage and transformation effectiveness may fall, when heat treatment temperature is 
55 degrees C or more, it is desirable to shorten heat treatment time amount, for 
example, to set it as below for [ 1 minute ] extent preferably below for 3 minutes, and to 
make it a plant cell not receive a damage. 

[00 11] The approach of this invention can be characterized by making the 
Agrobacterium bacteria contact, using what was heat-treated as the plant cell contacted 
to the Agrobacterium bacteria, or a plant tissue, or heat-treating, and can apply the 
well-known approach as it is as the transgenics or the transformation approach itself 
using the Agrobacterium bacteria. 

[0012] The transgenics or the transformation approach itself to the vegetation using the 
Agrobacterium bacteria is common knowledge in this field, and is used widely. 
[0013] It is known for many years that soil-bacteria Agrobacterium (Agrobacterium 
tumefaciens) will cause a crown carcinoma disease (Crown gall disease) in many 
dicotyledonous plants, and it was discovered in the 1970s that a Ti plasmid participates 
in virulence and that T-DNA which is a part of Ti plasmid further is included in a 
vegetable genome. The gene which participates in composition of hormone (cytokinin 
and auxin) required for induction of carcinoma existed in this TDNA after that, and 
though it was a bacteria gene, it was shown clearly that it was discovered in vegetation. 
The gene cluster which exists in the VIRURENSU field on a Ti plasmid (vir field) is 
required for logging of TDNA and transfer for vegetation, and in order to start T-DNA, 
the border array which exists in the both ends of T-DNA is required. Agrobacterium 
rhizogenes. which is other Agrobacterium bacteria also has the same system by the Ri 
plasmid ( drawing 3 and drawing 4 ). 

[0014] Since T-DNA was included in the vegetable genome by infection of Agrobacterium, 
when the desired gene was inserted on T-DNA, it was expected that this gene would also 
be included in a vegetable genome. However, the Ti plasmid was difficult to insert a 



gene on T-DNA on a plasmid by the standard gene engineering technique with 190 or 
more kbs, since it is huge. Therefore, the approach for inserting a foreign gene on 
T-DNA was developed. 

[0015] First, LBA4404 (Hoekema et al., 1983 (bibliography (14)), C58C [l (pGV3850) ], 
GV3TU1SE (Fraley et al., 1985 (bibliography (10)), etc. were produced ( drawing 3 ).)) 
which is the bacillus system (disarmed strains) of the De Dis arm mold with which the 
hormone synthetic gene was removed from T-DNA of the Ti plasmid of neoplasm nature 
(Zambryski et al., 1983 (bibliography (43))) By using these, two kinds of approaches of 
introducing into Agrobacterium T-DNA which has the inside of T-DNA of the Ti plasmid 
of Agrobacterium or a desired gene for a desired gene were developed. One of these is 
easy genetic manipulation, and insertion of a desired gene is possible for it. The middle 
vector which can do a duplicate with Escherichia coli all over the T-DNA field of the De 
Dis arm mold Ti plasmid of Agrobacterium It is the approach of introducing by 
homologous recombination through a three way cross method (triparental mating) 
(Ditta et al., 1980 (bibliography (9))). it is called the middle vector method (Fraley et al., 
1985(bibliography (10)); Fraley et al., 1983(bibliography (ll)); Zambryski et al., and 
1983 (bibliography (43)) ") JP,59-140885,A (EP116718). another - a binary vector 
(binary vector) - the result (based on Hoekema et al. and 1983 (bibliography (14)).) that 
it is not necessary to exist on the plasmid same [ although it is called law and a vir field 
is required for inclusion for the vegetation of T-DNA ( drawing 3 ) ] in order to function 
virA, virB, virC, virD, virE, and virG exist in this vir field, and that in which (a 
vegetable biotechnology encyclopedia (ENTAPU Rise Corp. issue (1989))) and a vir field 
contain all this virA, virB, virC, virD(s), the virE(s), and virG(s) is said. Therefore, a 
binary vector includes T-DNA in the small plasmid which can be reproduced with both 
Agrobacterium and Escherichia coli, and introduces and uses this for Agrobacterium 
which has the De Dis arm mold Ti plasmid. It can carry out to installation of the binary 
vector to Agrobacterium by approaches, such as the electroporation method and a three 
way cross method. There are pBIN19 (Bevan, 1984 (bibliography (5))), pBI121 
(Jefferson, 1987 (bibliography (21))), pGA482 (An et al., 1988 (bibliography (2))), 
JP,60*70080,A (EP 1205 16), etc. in a binary vector, many new binary vectors are built 
based on these, and it is used for the transformation. Moreover, Ri Also in the system of 
a plasmid, the same vector is built and it is used for the transformation. 
[0016] Agrobacterium A281 (Watson et al., 1975 (bibliography (41))) is the bacillus 
system of strong virulence (super-virulent), the host range is wide, and transformation 
effectiveness is also higher than other bacillus systems (Hood et al., 1987(bibliography 
(15)); Komari, 1989 (bibliography (23))). This property is based on pTiBo542 of the Ti 



plasmid which A281 has (Hood etal., 1984(bibliography (18)); Jin et ah, 
1987(bibliography (22)); Komari et al., 1986 (bibliography (26))). 

[0017] Two new systems are developed until now using pTiBo542. One is used for the 
transformation of various vegetation as a high system of transformation capacity by 
applying these to an above-mentioned binary vector system using the bacillus systems 
EHA101 (Hood et al., 1986 (bibliography (17))) and EHA105 (Hood et al., 1993 
(bibliography (16))) which have the Ti plasmid of the De Dis arm mold of pTiBo542. 
Another is a super binary vector ('super-binary' vector) (Hiei etal., 1994(bibliography 
(13)); Ishida et al., 1996(bibliography (20)); Komari et al., 1999 (bibliography (28)), WO 
94/No. 00977, WO 95/No. 06722) system ( drawing 4 ). Since this system consists of a 
plasmid which has the Ti plasmid and T-DNA of the De Dis arm mold with a vir field 
(virA, virB, virC, virD, virE, and virG (these may be hereafter called ******** " a v ir 
fragment field")), it is a kind of a binary vector system. However, it differs at the point 
using the plasmid of the side which has T-DNA, i.e., the super (Komari, 1990a 
(bibliography (24))) binary vector which built into the binary vector the fragment 
(among these, the fragment which contains virB or virG at least preferably, the 
fragment which contains virB and virG still more preferably) of the vir field which 
removed at least one vir fragment field substantially among vir fragment fields. In 
addition, in order to introduce the T-DNA field which included the desired gene in 
Agrobacterium which has a super binary vector, the homologous recombination through 
a three way cross method can use as easy technique (Komari et al., 1996 (bibliography 
(27))). This super binary vector system It compares with above-mentioned various 
vector systems. Very high transformation effectiveness by many vegetable specieses 
bringing is clear (Hieiet al., 1994(bibliography (13)); Ishida et al., 1996(bibliography 
(20)); Komari, and 1990b(bibliography (25)); Li et al. (bibliography (29)) •-) 1996; Saito 
et al., 1992 (bibliography (37)). 

[0018] Especially as Agrobacterium bacteria which serve as a host in the approach of 
this invention, although not limited, it is Agrobacterium tumefaciens (for example, 
above-mentioned Agrobacteriumtumefaciens LBA4404 (Hoekema et al., 1983 
(bibliography (14)), and EHA101 (Hoodet al., 1986 (bibliography (17))) can be used 
preferably.)). 

[0019] If it is a transgenics system based on the manifestation of the gene cluster of the 
pathogenic (vir) field in the Agrobacterium bacteria according to the approach of this 
invention, significant effectiveness can be acquired without being limited especially. 
Therefore, an above-mentioned middle vector, a binary vector, the binary vector of 
strong virulence, a super binary vector, etc. can be used also to which vector system, and 



the effectiveness by this invention can be acquired. It is the same when a different 
vector system which changed these vectors is used (for example, some or all of a vir field 
that starts some or all of a vir field of the Agrobacterium bacteria, and is additionally 
incorporated into a plasmid is started, and it introduces into Agrobacterium as a part of 
new plasmid). Moreover, although it is natural, according to the approach of this 
invention, also in the Agrobacterium bacteria of a wild type, the introductory 
effectiveness of the T-DNA field of a wild type can be raised to vegetation, and the 
efficiency of infection can be improved as a matter of fact. 

[0020] The gene of the request which it is going to introduce into vegetation can be 
included in the restriction enzyme part in the T-DNA field of the above-mentioned 
plasmid with a conventional method, and can be chosen based on a selective marker 
with the suitable gene which has the resistance over drugs built into the plasmid 
concerned being simultaneous or separately, such as a kanamycin and paromomycin. It 
is large -sized and the thing with many limit parts has that it is not necessarily easy to 
introduce desired DNA in a T-DNA field by the technique of the usual subcloning. In 
such a case, the target DNA can be introduced by using intracellular homologous 
recombination of the Agrobacterium bacteria by the three way cross method. 
[0021] Moreover, actuation which introduces a plasmid into the Agrobacterium bacteria, 
such as Agrobacterium tumefaciens, can be performed with a conventional method, and 
the approach by chemical processing of the above-mentioned three way cross method, 
the electroporation method, the electroinjection method, PEG, etc. is included as an 
example. 

[0022] The gene which it is going to introduce into vegetation is fundamentally 
arranged between the right-and-left boundary arrays of T-DNA like a Prior art. 
However, since the plasmid is annular, one is sufficient as the number of boundary 
arrays, and when it is going to arrange two or more genes to a different part, there may 
be three or more boundary arrays. Moreover, in the Agrobacterium bacteria, it may be 
arranged on Ti or a Ri plasmid, or may be arranged on other plasmids. Furthermore, it 
may be arranged on the plasmid of two or more classes. 

[0023] The approach of performing transgenics through the Agrobacterium bacteria can 
be performed by only contacting a plant cell or a plant tissue to the Agrobacterium 
bacteria. For example, the Agrobacterium bacterial suspension of the cell concentration 
of 106 - 1011 cell / ml extent can be prepared, and it can carry out by carrying out 
cocultivation of a plant cell or the plant tissue for several days on a solid medium after 
grade immersion for 3 - 10 minutes into this suspension. 

[0024] The cell or organization with which transgenics is presented may not be limited 



at all, may be a leaf, a root, a stem, a fruit, and which other parts, and may be a germ 
which is not dedifferentiating a thing like a callus which dedifferentiated, either. 
Moreover, anthophyta may be desirable, and as long as it is anthophyta, a 
dicotyledonous plant or a monocotyledonous plant is sufficient, although a vegetable 
class is not limited at all, either. 

[0025] As the following example is shown concretely, according to the approach of this 
invention, as compared with the conventional Agrobacterium method, the effectiveness 
of transgenics improves intentionally. Moreover, the transgenics effectiveness of the 
vegetation for which transgenics was possible not only improves by the Agrobacterium 
method from the former, but transgenics became possible for the first time by the 
approach of this invention to the vegetation which was not able to carry out transgenics 
depending on the conventional Agrobacterium method. Therefore, by the conventional 
approach, making possible the thing in which transgenics was impossible is also 
included by "improvement in the effectiveness of transgenics" in this invention (that is, 

1 think that the transgenics effectiveness which was 0% conventionally was raised). 
[0026] 

[Example] Hereafter, this invention is more concretely explained based on an example. 
But this invention is not limited to the following example. 

[0027] Example 1 (l) The light of the morning of a sample offering organization and a 
sample offering bacillus system japonica rice and IR72 of the Indica rice were used as 
the sample offering form, and the callus of an unripe germ and the unripe germ origin 
was used as an ingredient. The sample offering unripe germ was extracted from the 
unripe seed for one - two weeks after the bloom, and was prepared by Hiei et al. and the 
approach of 1994 (bibliography (13)). Namely, 70% after the bloom and after removing 
** for the unripe seed on seven - the 12th After disinfecting by being immersed in 
ethanol for 10 minutes 30 seconds and 1% at a sodium hypochlorite, the unripe germ 
was taken out and it considered as the charge of a test specimen. Moreover, the unripe 
germ origin callus was obtained by cultivating an unripe germ for two weeks on 2-N6 
culture medium (Hiei et al.1994 (bibliography (13))) containing 4 g/1 Gelrite. 
[0028] As the bacillus system and plasmid vector of Agrobacterium, LBA4404 
(pIG121Hm) (Hiei et al., 1994 (bibliography (13))), LBA4404 (pNBl31) (refer to drawing 

2 ), and LBA4404 (pTOK233) were used (Hiei et al., 1994 (bibliography (13))). 

[0029] Construction of pNB131 was performed as follows. pSB31 (Triparental mating 
after introducing Ishida et al. and 1996 (bibliography (20)) into 392 shares of 
Escherichia coli LE it introduced into 4404 shares of Agrobacterium LBA which has 
pNBl (Komari et al., 1996 (bibliography (27))) by law (Ditta et al. and 1980 



(bibliography (9))).) pNB131 was obtained by homologous recombination between pNBl 
and pSB31 within Agrobacterium. 

[0030] In the T-DNA field of pIG121Hm, it has the kanamycin resistant (nptll) gene 
controlled by the promotor of a nopaline synthesis enzyme (nos) gene, the hygromycin 
tolerance (hpt) gene controlled by 35S promotor of a cauliflower mosaic virus (CaMV), 
and the GUS gene (Ohta et al, 1990 (bibliography (33))) between which it is controlled 
by 35S promotor and placed by the intron of the catalase gene of a castor seed. 
[0031] In the T-DNA field of pNB131, it has the bar gene controUed by 35S promotor, 
and the GUS gene (****) between which it is controlled by 35S promotor and placed by 
the intron. 

[0032] In the T-DNA field of pTOK233, it has the nptll gene controlled by the nos 
promotor, the hpt gene controlled by 35S promotor, and the GUS gene (****) between 
which it is controlled by 35S promotor and placed by the intron. pTOK233 is a super 
binary vector (Komari et al., 1999 (bibliography (28))) with high transformation capacity. 
[0033] (2) The heat treatment sample offering organization (5 - 200 mg) was immersed 
in the tube containing the sterilized water of 1 ml. It is 1 minute to the water bath 
which set the tube as each processing temperature. - It heat-treated by being immersed 
for dozens hours. The contrast processing division was because it puts at a room 
temperature (25 degrees C). The tube was cooled with the stream after heat treatment 
termination. 

[0034] (3) Except for the sterilized water after inoculation and cocultivation heat 
treatment and inside a tube, the suspension of Agrobacterium was added and it stirred 
with the vortex mixer for 5 - 30 seconds. Preparation of bacteria suspension is Hiei et al. 
(1994 (bibliography (13))) (it depended.). Namely, the colony of Agrobacterium 
cultivated for three - ten days on AB culture medium (ChiltonM-D et al., 1974 
(bibliography (8))) is written with a platinum loop, a correction AA culture medium (AA 
main mineral, AA amino acid, and AA vitamins (Toriyama K, 1985 (bibliography (38))) 
--) MS minute amount salts (Murashige T, 1962 (bibliography (32))) and 1.0 g/1 
Casamino acids and 100 muM ASETOSHI phosphorus gon and 0.2 M Cane sugar and 
0.2 M It suspended in the glucose. Moreover, the bacillus consistency of suspension was 
adjusted to 1 x 109 cfu [ about 0.3 - ]/ml. After putting at a room temperature for about 5 
minutes, it **** e d to the culture medium for cocultivation. In the culture medium of the 
cocultivation of an unripe germ, it is 8 g/1. 2-N6-AS (Hiei et al.1994 (bibliography (13))) 
which made agarose the culture -medium solidification agent was used. 2-N6-AS (Hiei et 
al.1994 (bibliography (13))) containing 4 g/lGelrite was used for the culture medium of 
the cocultivation of a callus. After carrying out cocultivation for three - seven days 25 



degrees C and under dark, the GUS gene expression investigation by X-Gluc processing 
was presented with a part of unripe germ or callus by Hiei's and others (1994) 
(bibliography (13)) approach. That is, he is an organization immediately after 
cocultivation processing 0.1% Triton X-100 Included 0.1 M Phosphate buffer solution 
(pH6.8) It was immersed and put at 37 degrees C for 1 hour. 1.0 mM after a phosphate 
buffer solution removes Agrobacterium 

5"BUROMO-4 chloro-3-indolyl-beta-D-glucuronic acid (X-gluc) and 20% The phosphate 
buffer solution containing a methanol was added. After processing at 37 degrees C for 
24 hours, it gazed at the organization which shows blue coloration under the microscope. 
[0035] (4) After the selection cocultivation of the transformed cell in a Japanese rice, 
after Metz divided into 4-7 the scutellum part which carried out thickening growth 
about the unripe germ, about the callus, it cultivated under 30-degree-C light condition 
during several days by 2-N six culture media (****) which do not contain selection drugs, 
without performing division. Next, 50 - 100 mg/1 hygromycin and 200 mg/1 It 
transplanted on 2-N6 culture medium containing either of the paromomycins, and 
cultivated for about two to three weeks under 30-degree-C light condition. In addition, 
CC culture medium (Potrykus et al. 1979 (bibliography (34))) except coconut water was 
used, including 2.4-D of 2 mg/1 in the culture medium which contains 10 mg/1 phosphino 
SURISHIN (PPT) in selection drugs. The drug tolerance callus formed on the culture 
medium was transplanted to six to N7 culture medium (Hiei et al.1994 (bibliography 
(13))) which contains the selection drugs of this concentration, respectively, and 
secondary selection was performed under 30-degree-C light condition during seven days. 
In each culture medium, it is 250 mg/1. Cefotaxime and 250 mg/1 The carbenicillin 
disodium was combined or 250 mg/1 cefotaxime was added independently. Moreover, 4 
g/1 Gelrite was used for the culture-medium solidification agent. To the drug tolerance 
callus increased on the culture medium X-Gluc processing was performed and GUS 
gene expression was investigated. 

[0036] (5) The unripe germ was processed for 10 minutes at result various processing 
temperature, cocultivation with LBA4404 (pTOK233) was performed, and the result of 
having investigated the transient manifestation of a GUS gene was shown in Table 1 
and 2. When heat treatment around 46 degrees C was carried out compared with a 
non-processed division, the GUS manifestation field in a scutellum was clearly large, 
and was understood to be what transgenics produced by high frequency more. On the 
other hand, heat treatment of 52 degrees C or more may give a damage to a plant tissue, 
and controlled growth of an unripe germ in 55-degree-C processing, and a GUS 
manifestation was not observed, either. In the short-time processing for 10 minutes, 



expansion of the clear GUS manifestation field in 43-degreeC experimental plot was 
not accepted, 

[0037] After carrying out cocultivation of Agrobacterium to a rice unripe germ, the 
selection result of the transformation callus cultivated and obtained on the culture 
medium containing selection drugs was shown in Table 3 and 4. In the trial which 
inoculated LBA4404 (pIG121Hm), the transformation callus which shows hygromycin 
tolerance and uniform GUS gene expression at the effectiveness of 12.0 % was obtained 
from the division intercept of an unripe germ which has not been heat-treated (Table 4). 
On the other hand, with 46 degrees C and the division intercept of the unripe germ 
which performed heat treatment for 5 minutes, the transformation callus was obtained 
at the effectiveness of 29 % (Table 3). Moreover, at selection by paromomycin, it was 
obtained from the intercept of an unripe germ which has not been heat-treated at the 
effectiveness of 12.0 % to the transformation callus having been obtained at the low 
effectiveness of 2.0 % with 46 degrees C and the unripe germ intercept which performed 
heat treatment for 5 minutes (Table 4). In the trial which inoculated LBA4404 
(pNB13l), the transformation callus which shows PPT resistance and uniform GUS 
gene expression at the effectiveness of 29.0 % was obtained from the intercept of an 
unripe germ which has not been heat-treated (Table 5). On the other hand, with the 
intercept of the unripe germ which performed 46 degrees C and heat treatment for 5 
minutes, the transformation callus was obtained at 50.0% of effectiveness (Table 5). By 
heat treatment to an unripe germ, improvement in remarkable transformation 
effectiveness was accepted for all. 

[0038] After carrying out cocultivation of Agrobacterium LBA 4404 (pTOK233) to a rice 
unripe germ origin callus, the selection result of the transformation callus cultivated 
and obtained on the culture medium containing hygromycin was shown in Table 6. The 
transformation callus which shows hygromycin tolerance and uniform GUS gene 
expression at the effectiveness of 24.1 % was obtained from the callus which has not 
been heat-treated (Table 6). On the other hand, at the callus which performed heat 
treatment for 46 degrees C, 3 minutes, or 10 minutes, the transformation callus was 
obtained at the effectiveness of 36.2 - 36.9 % (Table 6). As mentioned above, 
improvement in remarkable transformation effectiveness was accepted also in heat 
treatment to a rice callus. 

[0039] When examination was further added for the GUS manifestation after 
cocultivation to the index about processing temperature and the relation of the 
processing time using the unripe germ and the callus, in the case of temperature with 
short-time processing comparatively low in a hotter case, processing of long duration 



raised the effectiveness of transgenics. That is, in the 60-degree C heat treatment 
division, the clear effectiveness of raising transgenics effectiveness by processing of 
several hours to dozens of hours was accepted at 35 degrees C by processing for several 
seconds. 

[0040] Hiei et al. (bibliography (1994) (13)) has reported that a transformation can 
perform the callus of a rice at effectiveness comparatively high as an ingredient. 
Moreover, Aldemita RR.et al. and 1996 (bibliography (l)) have reported the example of a 
transformation which used the unripe germ of a rice. In order to be stabilized more 
efficiently and to enforce such transformation technique, the heat-treating method 
mentioned above is very effective. Although it is not easy to always obtain the suitable 
unripe germ ingredient for a transformation that especially an unripe germ tends to be 
influenced by the cultivation environment, it is possible to maintain the high 
transformation effectiveness stabilized by heat-treating. Hiei et al. (bibliography (1994) 
(13)) It was shown that the super binary vector which is a high vector of transformation 
capacity raises the transformation effectiveness of a rice. Moreover, according to 
Aldemita and Hodges (bibliography (1996) (l)), the transformant has been obtained only 
in the trial using LBA4404 (pTOK233) of a super binary vector. When the usual binary 
vector is used, the heat-treating method in this research is equal to a super binary 
vector, or can acquire the transgenics effectiveness beyond it. Moreover, it is possible by 
using together a super binary vector and the heat-treating method to raise effectiveness 
further. Furthermore, it is imagined as what can obtain a transformant also in the form 
which was not able to obtain a transformant at all until now by using the heat-treating 
method. 
[0041] 

[Table l] Table 1 Transient manifestation of GUS gene in processing temperature and 
unripe germ scutellum (form: IR72) 



Sample-offering bacillus system: LBA4404 (pTOK233), Heat-treatment time amount: 
10 minutes, Cocultivation period: Four days [0042] 

[Table 2] Table 2 Transient manifestation of GUS gene in processing temperature and 
unripe germ scutellum (form: morning light) 



Sample-offering bacillus system: LBA4404 (pTOK233), Heat-treatment time amount: 
10 minutes, Cocultivation period: Three days [0043] 

[Table 3] Table 3 Heat treatment to unripe germ, and efficiency of selection of 
transformation callus (form: morning light) 



Sample-offering bacillus system: LBA4404 (pIG121Hm), Cocultivation period: Five days, 
Hm:hygromycin [0044] 

[Table 4] Table 4 Heat treatment to unripe germ, and efficiency of selection of 
transformation callus (form: morning light) 



Sample -offering bacillus system: LBA4404 (pIG121Hm), Cocultivation period: Five days, 
Pm^paromomycin [0045] 

[Table 5] Table 5 Heat treatment to unripe germ, and efficiency of selection of 
transformation callus (form: morning light) 



Sample-offering bacillus system: LBA4404 (pNBl3l), Cocultivation period: Six days 
[0046] 

[Table 6] Table 6 Heat treatment to callus, and efficiency of selection of transformation 
callus (form: morning light) 



Sample -offering bacillus system: LBA4404 (pTOK233), Cocultivation period: Three days 
[0047] The corn unripe germ (it receives from a form A188 and a biomass lab, the 
Ministry of Agriculture, Forestry, and Fisheries) of example 2 magnitude about 1.2 mm 
was taken out in sterile, and it put into the tube of 2 ml containing a LSinf liquid 
medium. After washing once by this liquid medium, this liquid-medium 2.0 ml was 
newly added. The tube was immersed in the 46-degree C water bath for 1 to 10 minutes. 



Contrast was put between coincidence at the room temperature. Except for a culture 
medium, to the LS-inf liquid medium containing the ASETOSHI phosphorus gon of 100 
mM, by abbreviation 1 x 109 cfu/ml concentration Agrobacterium tumefaciens LBA4404 
(pIG12lHm), EHA101 (pIGl21Hm), LBA4404 (above) (pTOK233) It indicates to Hiei et 
al. and 1994 (bibliography (13)). Liquid 1.0 ml which suspended LBA4404 (pSB13l) 
(Ishida et al., 1996 (bibliography (20))) or LBA4404 (pNB13l) Gt indicates to an 
example 1 and drawing 2 ) was added, and it stirred with the vortex mixer for 30 
seconds. It is 10 so that a germ axial plane may touch a culture medium, after putting 
at a room temperature for 5 minutes. It ****ed to the LS-AS culture medium containing 
muMAgN03. After cultivating for three days 25 degrees C and under dark, some unripe 
germs were extracted and the manifestation [ transient GUS gene ] was investigated by 
X-gluc. About the unripe germ which inoculated LBA4404 (pSB13l) and LBA4404 
(pNBl3l), it is after cocultivation, phosphino SURISHIN (PPT), and 10. muM It 
cultivated by the culture medium containing AgN03, and the transformed cell was 
selected. The callus increased on the selection culture medium was ****ed to the 
redifferentiation culture medium containing PPT, and transformation vegetation was 
redifferentiated. Some leaves of the vegetation which redifferentiated were cut off and 
GUS gene expression was investigated by X-gluc like the example 1. In addition, an 
above-mentioned culture medium and cultivation followed the approach given in Ishida 
et al.1996 (bibliography (20)). pSBl31 and pTOK233 are the high super binary vectors 
of transformation capacity. 

[0048] It is 1 at 46 degrees C. The result of a transient GUS gene [ when inoculating 
LBA4404 (pSB13l) into the unripe germ processed for 10 minutes ] manifestation is 
shown in Table 7. GUS gene expression was accepted by all the unripe germs with 
which the trial was presented including non-processed contrast. However, the 
manifestation part was strongly seen, when it heat-treated compared with contrast. 
When it heat-treated more than for 3 minutes especially, many things which show GUS 
gene expression by the part where the scutellum front face of an unripe germ is large 
were seen. The result of a transient GUS gene [ when inoculating the various strain of 
Agrobacterium ] manifestation is shown in Table 8. By the heat-treated unripe germ, 
even when which strain was inoculated, all the unripe germs showed GUS gene 
expression. On the other hand, the non-processed unripe germ showed the weak 
manifestation compared with the case where any strain is heat-treated. When LBA4404 
(pIGl21Hm) and LBA4404 which are the usual binary vector which does not have the 
gene of strong virulence especially (pNBl3l) were inoculated, almost all unripe germs 
did not show GUS gene expression at all. 



[0049] The transformation result in the A188 unripe germ which inoculated LBA4404 
(pSBl3l) which is a super binary vector is shown in Table 9. Transformation vegetation 
was obtained from the unripe germ of the contrast which has not been heat-treated at 
10.7% of effectiveness. On the other hand, in the unripe germ which performed 46 
degrees C and heat treatment for 3 minutes, transformation effectiveness is 20% and its 
effectiveness improved non-processed twice [ about ]. The transformation result in the 
A188 unripe germ which inoculated LBA4404 (pNB13l) which is the usual binary 
vector without the gene of strong virulence is shown in Table -4. Transformation 
vegetation was not obtained from the unripe germ of the contrast which has not been 
heat-treated. On the other hand, the independent transformation vegetation of two 
individuals was obtained in the unripe germ which performed 46 degrees C and heat 
treatment for 5 minutes. Transformation effectiveness was 2.4%. 

[0050] When a super binary vector was used from the above result, it became clear by 
heat-treating, before inoculating the unripe germ of an ingredient that transgenics 
effectiveness increases compared with a conventional method, and transformation 
effectiveness also improves. Furthermore, by corn, transformation vegetation was 
obtained for the first time until now by heat-treating also in the usual binary vector 
without the example of a success. Possibility that transformation vegetation would be 
obtained from these things by heat-treating also about corn forms other than A188 
which were not able to carry out a transformation by the conventional Agrobacterium 
method (Ishida et al.1996 (bibliography (20))) was suggested. 
[0051] 

[Table 7] Table 7 Effect affect transgenics effectiveness of heat treatment time amount 
(LBA4404 ( P SB131) is inoculated) 



It is [0052] as a result of a manifestation [ transient GUS gene / in the unripe germ after 
cocultivation ]. 



[Table 8] Table 8 Effect affect transgenics effectiveness of heat treatment 



It is [0053] as a result of a manifestation [ transient GUS gene / in the unripe germ after 
cocultivation ]. 

[Table 9] Table 9 Effect affect transformation effectiveness of heat treatment (LBA4404 
(pSB 131) is introduced) 



No numbers of calluses and numbers of vegetation contain a clone. 
[0054] 

[Table 10] Table 10 Effect affect transformation effectiveness of heat treatment 
(LBA4404 ( P NB131) is introduced) 



No numbers of calluses and numbers of vegetation contain a clone. The transient 
manifestation extracted and investigated some calluses after cocultivation. 



[0055] MS mineral salt after sterilizing the full ripeness seed of example 3 creeping 
bentgrass (Agrostis palustris cv.Pencross and Snow Brand Seed, Inc.), MS vitamin, 4 
mg/1 dicamba, 0.5 mg/16BA, a 0.7 g/1 proline, 0.5 g/1 MES, and 20 g/1 It ****ed to cane 
sugar and the culture medium (TG2 culture medium) containing 3 g/1 gelrite (pH5.8), 
and cultivated 25 degrees C and under dark, the culture medium of this presentation of 
the guided callus - subculture - carrying out - Embry OJIE - the nick callus was 
increased. After a passage, 2 Callus about 0.3g for the 3rd week was put into the tube of 
2 ml containing a TG2L culture medium. After washing once by this liquid medium, 
liquid-medium 2 ml was newly added. The tube was immersed in the 46"degree C water 
bath for 5 minutes. Contrast was put between coincidence at the room temperature, the 
TG2-inf culture medium (the proline from TG2 culture medium --) which contains the 
ASETOSHI phosphorus gon of lOOmicroM except for a culture medium MES and gelrite 
- removing - 48.46 g/1 cane sugar and 36.04 g/1 a glucose - addition (pH 5.2) - about - 
by 1 x 109 cfu/ml concentration Liquid 1.0 ml which suspended LBA4404 (pTOK233) 
(Hiei et aL, 1994 (bibliography (13))) was added, and it stirred with the vortex mixer for 
30 seconds. They are 10 g/1 glucose, lOOmicroM ASETOSHI phosphorus gon, and 4 g/1 to 
a TGafter putting at room temperature for 5 minutes2L culture medium. Type I agarose 
(pH5.8) It ****ed to the added culture medium (TG2-AS culture medium). After 
cultivating for three days 25 degrees C and under dark, some calluses were extracted 
and the manifestation [ transient GUS gene ] was investigated by Xgluc like the 
example 1. 

[0056] A manifestation [ transient GUS gene / in the callus which inoculated LBA4404 
(pTOK233) lis shown in Table 11. At the callus of the contrast which has not been 
heat-treated, when it heat-treated to a manifestation not having been shown at all, the 
manifestation [ transient GUS gene ] was accepted by 25% of callus. 
[0057] The transformation of the lawn grass reported until now is based on the direct 
introducing method by party Kurgan (Zhong et al.1993 (bibliography (44)), Hartman et 
al.1994 (bibliography (12)), and Xiao and Ha 1997 (bibliography (42))) or erection 
ROPORESHON (Asano and Ugaki 1994 (bibliography (3)), Asano et al.1998 
(bibliography (4))), and the example of a success of the transformation by 
Agrobacterium is not seen. As it saw also in this example, when the lowness of the 
effectiveness of the transgenics by the conventional method was the cause which makes 
difficult the transformation of the lawn grass by the Agrobacterium method, possibility 
that transformation vegetation would be obtained was shown by heat treatment of the 
invention in this application by which transgenics is made by high frequency. 
[0058] 



[Table ll] Table 11 Heredity installation result to lawn grass callus (LBA4404 
(pTOK233) is inoculated) 



[0059] Example 4 (l) The suspension culture cell strain BY2 of a sample offering 
organization and the sample offering bacillus system tobacco form bright yellow No. 2 
was used as a charge of a test specimen. The suspension culture cell was cultivated 
under 25-degree-C dark condition by LS liquid medium containing 0.2 mg/1 2 and 4-D, 
and was maintained by carrying out a passage weekly. LBA4404 (pTOK233) (Hiei et al., 
1994 (bibliography (13))) was used for Agrobacterium and its vector. 
[0060] (2) About 0.3 suspension culture cell g on the 4th was immersed in the tube 
containing the sterilized water of 1 ml after the heat treatment passage, the water bath 
which set the tube as 43 degrees C or 46 degrees C - 10 minutes - it heat-treated by 
being immersed for 20 minutes. The contrast processing division was because it puts at 
a room temperature (25 degrees C). After heat treatment termination cooled the tube 
with the stream. 

[0061] (3) Inoculation, inoculation of Agrobacterium to a cocultivation suspension 
culture cell, and cocultivation were carried out by the approach of Komari (1989) 
(bibliography (23)). After carrying out cocultivation for two days under 25-degree-C 
dark, the GUS gene expression investigation by X-Gluc processing was presented with 
the suspension culture cell like the example 1 by the approach of Hiei et al. (1994) 
(bibliography (13)). 

[0062] (4) The result suspension culture cell was heat-treated, cocultivation with 
LBA4404 (pTOK233) was performed, and the result of having investigated the transient 
manifestation of a GUS gene was shown in Table 12. When it heat-treated compared 
with a non-processed division, the frequency of a cell which shows a GUS manifestation 
was clearly high, and was understood to be what transgenics produced by high 
frequency more. It was checked that heat treatment has the effectiveness of raising 
effectiveness not only in monocotyledonous plants, such as a rice, corn, and lawn grass, 
but in the transgenics to a dicotyledonous plant. 
[0063] 

[Table 12] Table 12 Transient manifestation of GUS gene in processing temperature and 



suspension culture cell BY2 



* +: -- low ++: - a little high +++: high sample offering bacillus system:LBA4404 
(pTOK233) and cocultivation period: - two days [0064] 

[Effect of the Invention] The method of raising the effectiveness of the transgenics to the 
plant cell which can perform transgenics simple, without ****(ing) an organization at 
effectiveness higher than the transgenics approach by the conventional Agrobacterium 
method by this invention was offered. The approach of this invention is applicable also 
to a dicotyledonous plant also to a monocotyledonous plant. Moreover, also in the 
vegetation which was not able to carry out a transformation, by the conventional 
Agrobacterium method, the transformation became possible by the approach of this 
invention like lawn grass. 
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imm 1 1 ] m^m^mmximmmm^ *, 

mWfkxx'bmmatmcDum. 

[00 0 1] 
[00 02] 

mm^\ T-oMk^dm^mmmt'rit^^iz 

k%<m\X'Z h , Jffl«iaoi8#tc J: 9^«$eSSft£f# 
[00 03] Z<7)±olZ, TfuWT-yfJhmift® 

^zm.tzmmmmmmx'hhtiK mmmms 
*a>v&mt. mm. mfctrnzwizm^zmm 
imizmft Lx±z<m%& ^mx-h h ( Potrykus 

et al. 1998(##»(35))) . tKtb*>. B3t&®lZ 

znmizmtmcommmmm^znhz 



t. UrtfoT. Z<7)£o%mmjHZffiktZ>ZbtfX' 

[0004] TruxtTW&zirtmmmnm 
ma. mm^x } ommm>^mzm^imm<m 
mk'*mzt&i><w, ttftt+chwmzTrw 

(4. aft. «e^iBt«««si*ff3*<<€-wa*htc«fsi 

ill (Rogers et al. 1988 (##XHt(36)), Visser 199 
l(#*S3tt(40)), McCormick 1991 (##£!£ (31)) , Lin 
dsey et al. 1991 (30) ) ) . lot. 

moK^ii. 7:/ov\'?f v*7J*<r>m&. <??-m 
[000 5] ClilKttU T/n/^f^AJSlt 

*itv^v\ WMwmmwmizx'). tcoxozz. 
awttatsswa z t &X-* Mftz \, ^/Lmmmmtt 
m<. a& : mzatm<?>to±.£tot.s mmmx-h^ 
m®m^fti L wmnmwi£^mz-rmm%%)%i> 
mmztit. ztiix-mmmm^mmmizm-tm 

Wit LTIi. *-T4 ^;^y(Bidney et al. , 1992 
(#**K(6)))t$JtflB*tt<Triclc et al., 1997(## 

i. mm&b%mmm*imzitiz}:zmk 
ix^z. u>t&**<o, zimm*£*)&<inbtix 

V^U-7r-fX^ffi(Horsch et al.. 1985(##^gt 
(19))) ZmZittz t otciiyf , ««5r»i*C«^ 

[0006] 

immmtxo ktmm: tot, 

J: t isv^-cfflii * am-tt z t % < fismizmm? 
mxifi ozk ifix-% i . mmtsr^nm&FFmxem 

&*fo±£*kh-mZW8k'?Z>ZkX'1bh. 
[000 7] 

[ mm £ mmt h tz^>m%. ] *mmme>a. mm 

xumiza^x. m&wx£#+iffliUK5utffli 
imzmmtt zk^x<o. mm-m*Mmziimz 

[0008] -tttb-h . *»wi. wixmu 
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[0009] 

o. wmmxtmiiwmi. mmt. %mx"<$ffl 

mmtmm^hifmx'h^xix^. &a, mm 

o^Asmmttm^iumxh^xh^w ztit, 
Wim<oot>. ntt^irmtixit. mmi. &a 

h-Kmzmf&zttfX'Zh. 

[ooio] msmimt. m^hmm^mm^mm 

t&MMXtemmcomizfctxmsmiRzti&tiK m 

3 3*O-6 0*C, Kftt<{i3 5*C~5 5 , C, 
t,Zft& L<«3 7r~5 2 t CSJScOSJS^HTiT*>tl. 

s. mmmftte. msmm.. mm®?> 
mm&vmmt h mmx\mmmm\z m txms: 
mtRztiztiK M%5®^24mffi&mxt>h. % 
a. mmmmi. mmi&siim^iiizimKxh 
mir?-mAy)mzGmizft_kzithzttfX'$z>. mi 

tiffflX hi&i^FmX^mi^Mlz^^^h Z b 
h%%tfh&. j^ra^#3 4'Cgj£<0ffi&?) 

mizft±.z-£$> z t & . mzm i^mm&ft 

li, 3 7 "C- 5 2 "C T' 1 #Hh- 2 4 B$IOBAO«^^ 

«?snsisnc*>fc -oxmm-tt t , « sanaay * - 

U «f!itf34HBJaT. *F t L < t± 1 ftf5mTW&m 
£ LT «HWBfi*<^ - i"**®**^ J: 3 fcrf * £ fc *< 

[00113 ttWaUmit. TfuMWjjjm 

mtm&^hmMwumwmb ixmmitz 

[0012] T^DA^r U ^WBBtffl^fcttHK^ 



[0013] ii&Mrar^nv^xy ^A ( Agrobacter 
ium tumefaciens) #£<0;K^3iffiW:«5B&B#i (C 
rown gall disease) £g|*jB£-f£i:liS< A»4>»fc 

SfetCTiT5^5 K^H8PC**T-DNA*«B[ 

T-mMzu&Mcommz'mKx^y Mbm- 

>b*-*->y) (ry^mzm^-thiSBFf-ifi^LL. m 

wmtx-h o ^t^mm^x-m.-ft z t vmrnz 

£ tltz . T-DNACO fl] OttJLk Wh^fis jtfcttT i 7" 5 X 
5 VhWoVWsXm. (virfWS) i£#tt**jlg 
^R***!!?* 0 . 4 fcT-DNA*«flJ 0 til Ztlh fc*> iCtiT 

T^nyN'^ f V ^AJSfflBT'S»§ Agrobacterium rhizog 
enesi,Ri7*7^S h'{-J;l.ll^^TA$rWLT^^ 
(03AtfB4) . 

[0014] oTT-DNA 

tfmiys ^ ca»a* ixs ox- , T-DNA±cBfa«a 

SCk * { ^^p$ fifc . t *» L^A 5 ^ , T i 77 X S Hi J19 

(xbbLkb &*xh h tz#>. mmm&&?x¥¥mx 
mx'h->tz. T-DHAjbfc^i*jte^*»A-r 

[0015] . BalttcOTir^^ i FOT-DNA^4> 

(disarmed strains) T*#>l>LBA4404(Hoekema et al., 
1983 (##XK(14». C58C1(pGV3850) (Zambryski et 
al., 1983 (#»S3K(43)) ). GV3TillSE(Fraley et a 

l., m5(mxmao))%b'mmztitz <H3) . c 

Sr^t ST-DNASr TfxvV f U -7 Mz^Xt hM 

* +pa^^ ^ - 1 . r ?uX9 f v *?j>?>t j 

(triparental mating) (Ditta et al., 1980 

«(9> ) )ntixmimt£* mx-thimxh 

0. +ra^^^-ffikB¥{i'ttl.(Fraley et al., 1985 
(##»(10)) ; Fraley et al., 1983 («*S3tt(l 
1) ) ; Zambryski et al., 1983 (##^«(43) ) . 
0359-140885^- (EP116718) )„ td-Oti. A-f^U- 

(binary vector) &fc itftl* t<0t (II 
3 ) . T-DNAfOfll^^ffl^ji^tCvir^^^rj)!. 

t)K mmhtMzmi7yx$ vuz&fct&jamt 

^V^kV^IS^^oekema et al., 1983 (##*itt(14)) 
(ca-^V^TV>|. 0 ^COvir^li^ivirA. virB, virC % v 
irD. virEStAvirG^#j£L. {WVM*^ Jul? 
(X^r5-fX«5*4jaj|ff (1989) ) ) . vi 
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rfflk&bltZCDvir^ virB, virC, virD, virEStA-irG 

'f-t'J-^^-Ktt, P BIN19(Bevan, 1984(##£f5 
(5))), pBI 121 (Jefferson, 1987(##:£i8!(21))h pGM 
82(An et al., 1988 (»*S3tt(2> ) h WBHB60-70080 
# (EP120516) HtWfci), iil^ifckfcRjK^ 

fcJvcv^. Ri r^i Hco>-^rix{;fc^T 

6. 

[0016] TfoWrV V AA281 (Watson et al. , 
1975 (#5ftJdtt(41) ) 9MJKtt (super-virulen 

t) co«^-r-j)0s %<r>mim±&< , mn^tmm 

i>m<7)m%£ 9*H(Hood et al. ,1987(#*SJt(15)); 

Komari. 1989 (##£1* (23))) . £*>*HBi, A281**fr 
•f2>Ti7*77.S Htf5pTiBo542fcJ:4t)WT , **(Hood et 
al., 1984(##£i!(18)) ; Jin et al., 1987 (##£ 
M(22)) ; Koiari etal., 1986(##i«(26))) 0 

[0017] pTiBo542£ffiVvt, iiX^T*C20C^L 
k ^XfA« § ftT V>S . -0{ipTiBo542cOr -f X 
T-&W<7my°yXi H$r*-ri.ffl^EHA101(Hood et a 
1 . , 1986(##£iM7)));fc £^HA105(Hood et al . , 19 
93<#3*KU6)))£fflV*fc«>0)T*D. ZtlbZm 
<r»M t y f-i/XTUzmm-h Zbt,z£*), 

mw&i&mjinm^i'Xfi* t Lxn« vimemm; 

K??— ('super-binary' vector) (Hiei etal., 1994 
(!MW*<13»: Ishidaetal., 19%(##XK(20)) ; 
Komari et al., 19»(##£K(28)h W094/00977^, 
W095/06722^) xXfAt^l. (04) . -TODi'X-fA 
(i x vir^^j (virA, virB, virC, virD H virESl^virG 

(felT. Ztit>£?ti?ti rvirBr^J^j fc^d-Ifc 
t>*4. ) ) Sr^T4*7-AS<73Tir5.xSh'*Jj: 
tfr-DNASr^-rsr^^S H*»feSr*ii:*»4). A-f -f 
V-<? ?-isX7-J>.V-mX'hZ. LfrLKctft*. T- 

izvirm^m.mcooh. 'j?%<ti>-mvirmxmi£ 
mmizm&^fcvirftmmx (ze>o*>#ti<ii 

'J?%< t ivirBX{ivirG££tf8Wi\ 8 6fc*F4 Ktt 
virBRtfvirG$r-£tfSfflr) * (Komari . 1990a 
(##»(24) ) ) s-A>f t "J * - fcfl?^* 



LTfOfflT* 6 (Komari etal., 1996 
(#*XHt(27))). im-A'-AMf y_*^_s, 
XtM.H. ±.m<r)m«cn>K9?-isXTMb)fc^x. £ 

< ^wmximiizm^mmmmittc t>?z t # 

tyt>frt%-?X^Z>Weiet al., 1994(##£R(13)); 

Ishidaetal.. 1996(##XK(20)) ; Komari, 1990b 
(##*lt(25)); Li et al . (##£«(29)) , 1996; Sal 
to et al., 1992<##*ltt(37))). 

[0018] *3HB«o*ffit:4jv^tt, fSii&ST:/ 
nA^f'J VMmmt iXit. WcKSSfufrv^*, 
Agrobacterium tumefaciens ({R|;il£±jic7)Agrobacter 
iumtumefaciens LBA4404 (Hoekema et al., 1983(##^t 
IM4))i3J:tfBHA101(Hoodet al., 1986(##£8Jt(l 
7))) i#&L<MmZbitt$l. 

[0019] *m\<ry*mz xtM. tsvjvtv *j 
mmmzmhmwj&L (vir> mtniB&tmnmi 
iz&3<m&rm?jik?t>ixtf. wzmfeztizzt* 

< ***»**1S* zbtfXZh. Lfc#o X . ±&n 

co<? f-i/XTMtznixhm^&zbtfX'Z . 
mzi.hm^mhzbifiX'th . ^n<oco<^^-s 

it«i\ ff££e>7?'vrt9 f 'J 9 AJUSMfcfc t , 
[0020] »(C^A I «k 3 1 -riWacoatrFJi, 

<(i«"^fia^*^^>f^y. Aot7^ i/y^co^ 

(c3£^v if SiR-t * Z b tfX'% I . AST'^it^SiJPRgP 
<a&^i>(7)(i. ji«W7'^Q-->-^^ffi-Cfifi)T 
MODNA ST-DHAffSSrt tWA"t & i t *W L fc «ST 

0 . T/ny^T 'J ^ AS«?)«l*l-e^fflHffl8U 
**0ffl1-4 i tT'g^DNASr^AtS ii:*^ S. 
[002 1 ] t^, 7'5X 5 K£ Agrobacterium tumefa 

%mmiz£>oftozbtfX'Z. mbtxit, ±isucz 

[0022] «HUC#AL i 3 b? Z&ffi-te. fc*co 

m3bmmzm*mzm-mwtti%mm?>mz&. 
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mmnmi 1 ott * < . »03ifc7-£fi 

T\ Ti*fcfcM75;*$F±(cKB3:h.Tt>J:<, ttz 
[0 0 23] r^DA'^rll^AJaiNBaSr^LT)!^ 1 
T**. Witf, 106 -10"«/mlS|(7)I)| 

iftK^r^ny^ fu ^^mmrnmmenm^L. z?> 
mmwzimM®ximmimi 3~ i oarauKa 

[0024] mBT-mMz® ztiz Mmx&tmii , n 
m%.zti&i>cr>T'm<. m. ®. m. *<r>®^ 

l<, mm%um?mmm°h&?mmmx'i>x 

[0025] Tie^^Jtfcv^TftftWt^^ixS J: 3 

fficjt«LT, ae^Aoawwsfci&Lh-rs. * 
^imx'h-otitmi^m^mx^mm^timx'it 

ftTttaer«A*cRrfircifc -> tz t> <o ^to^-t a z 

ASW&|6LhS#fci:#;tS) . 
[00 26] 

mtt i . t -> 1 *> , *nifl»iT^atw fc H££ *u 
[0027] igtwi 

(1) ffiftHtt&JtfftKttS 

*«>9k>Mfcfe 4tPf yf -f #4 *<OIR72£ 

^ij^WRl. Hiei et al., 1994 13))^ 

mzxmmuz. mm* 7~i2bs<t> 
&mttm*f6&Lt&. 70% x?/-/wc3o&\ 
i%<Kffitg*st^- h u *?mz i o#ra?s»-f a <r t c x o 

*$K&*#/kXf;t *2«4g/l Gelrite£-£tf2N6 
t^ttfe (Hiei et al. 1994<#5£fctt(13)) ) ±T2»g 



m-t&ztizmwz. 

[0 0 28] 77v^?T>)';J>0)m&mfT7X$. H 
<7?-tLX. LBA4404(pIG121Hm)(Hiei et al., 199 
4(*#**<13»K LBA4404(pNB131) (02#H§) . LBA 
4404(pT0K233) (Hiei et al:, 1994(##£iiR(13))) & 
M^tz. 

[0029] pNB131<0«HS4, J21T0 4 0 Cffort:. PS 
B31(Ishida et al., 1996(##£«(20)) £AMBLE392 
WlZ^XbtZ^t, Triparental matingffi(Ditta et al., 

1980 (#*AK(9)))fcJ:"3, pNBKKomari etal., 19 
96 <##S3R<27> ) ) & r U •> ALBA4404 

fcfc&A L/c . 7 ^/oy \'? f l> AftT'pNBl t pSB31^ 
fa^ffl|s]ffl»it J: 9pNB131£*#*:. 

[0030] pIG121HiOT-DNA««tli. /A'iJ y-^fig 
HW(nos)3tg?*>7 , n*-*-fcJ; 0Sf]»$ill)^^ 
V-f ^yjH14(n P tIl)®g^, ^ i ;7 7V-^-f>f 

;^(CaMV)<503 5 STDt-^-CJ: OflW^itSA 
>f^o-7-f^yBtt(hpt)JBfi^, 3 5S7-Dt-^- 
IZ£ K>mn%titvcr>J]77-Vm5FFcr>4>VaVtf 
MEt&GUSie^(Ohta et al, 1990(#^S:«:(33))) 

[0031 ] pNBDl^)T-DNA««fc:li. 3 5 STDt- 
^-Cct 9«»5ilfcbariie?, 3 5 STnt-?- 

m tut*. 

[0032] pT0K233«T-DNAaWttt, nosTa^-^ 
-{CJ: 9MI3f$ni»nptIia&?. 3 5 ST-Dt-^- 
t J: 9«»»S*l*hptae?, 3 5S7°o^-^-(cJ; 
OS'Jffl^iX'f yhny^ft^SGUSfifEi 1 (±J*) £ 
3T*6. pT0K233{ije®K^^^V^X-A--y(>f ^> 
'J-<i?^-(Komari etal., 1999 (##^(28))) X' 

[ o o 3 3 ] (2) mm 

( 5 -200 mg) Sri mlOM«*cOAo7t^-a- 

?-rtxizi# - B,+tm&ttizb£X ^mm* 

ft o . . Sffl ( 25'C ) Tff H-f !> i fc fc 

[ o o 3 4 ] o) mm&xvmmm 

U^tfMBaKBSJni. 5~30g-m*^T-/^X5df-t 
-K J: 0 mW Ltz . r U TffljffiKwilWiHiei et 
al. (1994) ((##^K(13))ti-5^. -T^*), A 
Bi^tfi (ChiltonM-D et al., 1974(##*fiR(8)) ) ±T 
3-1 0Bffli%mUz7yu;<?T ] J';2>.(Dzici--£ 
B&MX-frZb 0. f^IEAAigifi (AA±KmWfflH. 
AATSyR&r/AAh'^SyJi (Toriyama K, 1985 
(##»(38))) . MS«4S« (Murashige T..1962 
(##XiC(32))) . 1.0 g/1 ^S^K. 100 uMT-t 
hx'jyrfv. 0.2 M >-3^. 0.2 M ^;Ua-x) fcS 
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SLfc. mmwicommmt. &0.3M x io» cfu 

OWtfeMSLfc. 5MSKO*S?W«0««!ifc«» 8 %i 
1 7^n-^SriS%®fl5PJi: Lfc2N6-AS (Hiei et al. 
1994(##*iR(13)) ) fcjflvvfc. *frX0#StfmWli 
tfifcte. 4 g/lGelrite£-£fr2N6-AS (Hiei et al. 1994 
(#**KU3») fcfflvvfc. 25*C, *«TT3~7BBW 
#*6*Lfc», *3ftK*fctt*^o-»*, Hiei 6 
(1994) (##£f!(13) ) *>:IH£fc:J: "JX-GlucffiafcJ: 

HSMtk Triton X-100 5"£tf0.1 H 'Jy 

K$«?8(pH6.8) talifU 3 7'CTlB^ifMU:. 

y ymmmmTryn^T-'j «>A*i»*Lfc«. 1.0 

mM 5-^0^-4-^00-3— fyF 1 ^- /3-D 
-^^D>-i?(X-gluc)i>J;lX20% ^^y-^^tfU 
^IS!g»?8£8s!)D Ufc. 3 7'CT'2 4 Lfc& , 

[ 0 0 3 5 ] (4) B*«l(CfcttS^OTS}ajffl)iaolgc 

i 94~74HWl,fc8L *^X(C->V»Ttt4HW«ttf 
fc^aWS* (±&) TftBRD 
(TCTOftfrTT««L3t. 50M00 mg/l/vC/o 
200mg/l y?n*V^f vy<0Vvfft.a>£-£tf2N 
GWtJbiC&HU 30'CBfl^frTT*^~33ara^*L 
fc. ^T*3, U)H/17*X7 4 SZVisy(P9f)*XB(K 
mz$ts%miiZi±* 2 mg/l<02.4-D^»3 3^ -y*y 
**I*V^CC«HI (Potrykus et al.l979(##£ift(3 
4))) fcjflvvfc. Wkk&MZM&aM&iA'X 
fr, **l^RfiW<oaaa0B**trN6-7«ftfL (Hiei e 
t al. 1994(##£iSM3)>) ICWU 7HBI30X^«gfe 
#TT'2<£M&£fiS£. 4MS*fcH4250 mg/1 •fe7 : l-? 
*xJUi;250 mg/1 *^^ijyith^AM» 
L<Ji250 ■g/l-fe7*^*^A*«BiTaanL 
fc. 4fc*«!Bfltf«Jfc:U:, 4g/l GelritefcJflVtf;. Igtfi 
±tTO»UJ@Wifittart'Xfc X-GiucffiJifcfT^ GUS 

[ 0 0 3 6 ] (5) jgm 

4HlffiaiMtC*«®tlO»BBSIL, LBA4404(pT0K23 
3)fc<0*#8»£lTl-\ GUSafis^O-aiBfcSfcitlE 

riWW)JftWI*Lfc*frfc. ESfcUSft&GISftRfi 

OfcSJBSftfc. 52-CtLh^j!!ia(iffiW^fc 

■MWHTCMt. 43X3»KfcfcJtS^ i fiOT38£II« 

[ 0 0 3 7 ] 4 *$ftEfc T^OA'^r 'J ?A£4±#t§ 



A4404(pIG121Hm) £igffiUctS»-t'«4, IRWIUTV^ 
*>*fflB»4HWBH*4>tt» 12.0 JfcaWTVvf^ov 

X&29 Xnfflec&btUZ (*I3 ) . ^ot7 
A>£>14, 2.0 »0ffi»*-C»«WjWr^X3fi^l'b*ut<i0 
14, 12.0 Xffym^mhtlti («4 ) . LBA4404(pNB13 

1) * sat LfcKurn , gwaa lt v 

29.0 %OS&*-CPPT»tt*^-«^GUSJH5^<0 

5) . v^t^JK^f^^fcio, m%»mE 

[ 0 0 3 8 ] 4 **«iKib*a;PX k T?u*9t y ? 
ALBA4404(pT0K233)£^tg*L*:flL /n4;/ov4 x 

(4, 24.1 %^*T'A4^o-74 >-yBtt*»o-«^GU 

6) . C:ixtc^L, 46-C, WbL<mQttffl<rmm 
Z'ft'>fc*))l>Z?li, ^«Hk^;U^* { 36.2-36.9 
JWCHfeJufc («6) . JJLh<0J:pK. mnux»* 

common ^xi>. mzBnfcmtomoftttfm 

[0039] *3RB& «t^;UX$-fflv^T. 

[0040] Hiei et al. (1994) (##XK(13) ) {4. 

fioZktfX'Z&ZkZ®&lX^&. Aldemita 
RR.etal., 1996(##A«(1)){4, >f *05fe«MK*ffl 

KV^»««fl^*ltl^4ifc3&«rffi'C*i. Hiei e 
t al. (1994) (#*XK(13>) (4, »fflKMgSA^>ff 
^--CfeSX-zN'-A'-f f 'J ^-* J 4 *<?5 
BWfcm®mZfa±.Z-£Z>Zk**Lt:. ttz. Aldemi 
ta and Hodges (1996) (#*XK(D) t.tntf, X- 
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A-^fiJ-^^ ?-<OLBA4404(pT0K233) fcfflivfctt 



4. JRJWfi6ttB^6£fcfcJ:9. <rix£T'£ 

JftUBftft **4 £ i: * fc *>fc WES *i* . 
[004 1] 

O-iittfSSi IR72) 

















s*BB 








» 


0 


0-1 


1-10 


10-20 


23-50 


50-60 


80-100 






1 


6 


12 


1 


0 


0 


0 


42fC 


2D 


1 


5 


12 


2 


0 


0 


0 


4tfC 


2D 


0 


0 


3 


3 


7 


6 


1 



ttHB$ : LBA4404(pT0K233), JRJ&lttlB! : 10#, [S2 ] S2 &S^fc*»UB^fcfcft4GlS»^ 

igglfifSi : 4B ( m : W)ft) 

[0042] 



K3SBSL 




mm 




mm& (%) 


0 


0-1 


1-10 


10-20 


20-50 


50-80 


80-100 




20 


0 


2 


13 


3 


2 


0 


0 


4tfC 


20 


0 


1 


9 


2 


7 


1 


0 




20 


0 


0 


1 


3 


9 


6 


1 


49TC 


20 


0 


1 


8 


5 


6 


0 


0 


52t: 


20 


3 


4 


4 


2 


6 


1 


0 


55^ 


20 


0 


0 


0 


0 


0 


0 


0 



ttlSffl^ : LBA4404( P T0K233) , f^fS^ : 10*. [S3 ] S3 *M£*^mmtbmtiSkA)l'Z03l 

mmvm = 3B mm < as = 3!<oft > 

[0043] 









a/A M 






ft 




MM OS® 
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7 U — ^vy^V h?yX (Agrostis palustris cv. P 
encross. SEPSIS (**) ) OS3*8?£MBf£, MS* 
$tg. MSh'?$y N 4 mg/1 dicamba, 0.5 mg/16BA, 0.7 
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g/l^;l/3-^., lOO/xMT-bh^yyd'y, 4 g/1 
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[0056] LBA4404(pT0K233) *&mLtzi))VXX'<?M 

[ o o 5 7 ] 4-* "CtesssfiTu* \/i ^mnetiA 

>*-7-4?>l>tfy (Zhong et al. 1993(##X«(44)) ( 
Hartman et al. 1994(##£fE(12)), Xiao and Ha 19 
97(##Xi!(42))) ^Xlx? hOTK-b-v-ay (Asan 
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1 2t^L^. Jl^KtJt'^WBl* Lfc*&(c, GU 

s%m^-tmm<r>mmim^Mz-m< . ^omm.^.x' 
Mft i ?-mAtf±tfci>cr)bMMZtitz. mmit* ^ 
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